A supercondensed TLM node for modelling inhomogeneous anisotropic media on an arbitrarily graded mesh without using stubs is developed. It requires less storage, computationally is more e cient and can operate on a higher time step then existing TLM nodes. Complete derivation, implementation and validation of the new node are presented in the paper.
Introduction
Transmission-Line Modelling (TLM) method 1] has been applied successfully to many electromagnetic wave propagation problems including complex anisotropic media 2, 3] . Accurate modelling of these problems usually requires ner mesh within the anisotropic substrate and use of cells with arbitrary aspect ratio suitable for modelling particular geometrical features.
In a previous publication 4] it was shown that the hybrid symmetrical condensed node (HSCN) o ers signi cant improvements in e ciency and accuracy over conventional stub-loaded symmetrical condensed node (SCN) 5] used in TLM. More recently, we developed a novel node, referred to as the symmetrical super-condensed node (SSCN) 6], capable of modelling inhomogeneous isotropic media on an arbitrarily graded mesh without using stubs. This decreases computer storage requirements by 33% compared to the stub-loaded SCN, whilst increasing exibility and e ciency.
In the present paper, we extend the capabilities of the SSCN to include modelling of anisotropic materials. Complete derivation of the node parameters and implementation in a TLM mesh are presented and validated by numerical examples of modelling microstrip lines on an anisotropic substrate.
Theoretical Development of Anisotropic SSCN
The derivation that follows concerns an anisotropic material described by diagonal permittivity and permeability tensors, where " k = " 0 " rk and k = 0 rk are components in the k direction.
Following the de nitions used in the derivation of the SSCN for isotropic cases 6], we write the total capacitance and the total inductance in the k-direction as:
where i; j; k 2 fx; y; zg and i 6 = j 6 = k. By introducing normalized quantities asĈ ij = C ij j=(" j k) andL ij = L ij k=( k j), eqns.
(1) are rewritten as:
Using the time synchronism condition t = i p L ij C ij we introduce parameter r ij as:
Substituting triplets (i; j; k) in (4) with (x; y; z), (y; z; x) and (z; x; y) respectively, we obtain a system of three equations with three unknownsĈ xy ,Ĉ yz ,Ĉ zx , which has a solution of the form p; q; s 2 fx; y; zg^p 6 = q 6 = s (6) The other three normalized capacitances, namelyĈ xz ,Ĉ yx andĈ zy , can be found using (2) . Note from (5) 
This is a cubic inequality in ( t) 2 (after substituting r ij using (3)), which can be used to determine the maximum permissible time step t max . An analytical solution, not given here, can be found after some algebra. The ratio of t max for the SSCN over t max for the stubloaded SCN and HSCN is given in Fig. 1 when modelling uniaxial anisotropic dielectrics on a uniform mesh, with a dielectric permittivity along the optical axis smaller (solid line) and higher (broken line) than along ordinary axes. It is obvious that the SSCN for anisotropic materials can operate on a higher time step than previous nodes. Scattering in anisotropic SSCN proceeds as for the isotropic SSCN 6], whereby re ected voltages are de ned as: Complete scattering procedure requires only 6 multiplicative (MUL) and 48 additive (ADD) operations per node per iteration and memory locations for 12 voltages, provided that scattering coe cients for di erent node regions are stored in separate arrays. This is to be compared to the traditional stub-loaded SCN where 12 MUL and 54 ADD operations are required, with storage for 18 node voltages. All these gures suggest the increase in computational e ciency of the SSCN TLM very signi cantly.
The dispersion relation for the anisotropic SSCN can be obtained from the general TLM dispersion relation in the 
Validation of Anisotropic SSCN
To validate the formulation of the 12-port supercondensed node for anisotropic media, we model edge coupled microstrip lines on an anisotropic sapphire substrate. We compute odd and even 
Conclusion
Substantial improvements to the TLM for modelling anisotropic media have been made. It has been demonstrated that the symmetrical super-condensed node which contains no stubs can accurately model anisotropic problems on a variable mesh with signi cant gains in computer e ciency.
